The mammalian SWI-SNF complex is a chromatin-remodelling machinery involved in the modulation of gene expression. Its activity relies on two closely related ATPases known as brm/SNF2␣ and BRG-1/SNF2␤. These two proteins can cooperate with nuclear receptors for transcriptional activation. In addition, they are involved in the control of cell proliferation, most probably by facilitating p105 Rb repression of E2F transcriptional activity. In the present study, we have examined the ability of various brm/SNF2␣ deletion mutants to reverse the transformed phenotype of ras-transformed fibroblasts. Deletions within the p105 Rb LXCXE binding motif or the conserved bromodomain had only a moderate effect. On the other hand, a 49-amino-acid segment, rich in lysines and arginines and located immediately downstream of the p105 Rb interaction domain, appeared to be essential in this assay. This region was also required for cooperation of brm/SNF2␣ with the glucocorticoid receptor in transfection experiments, but only in the context of a reporter construct integrated in the cellular genome. The region has homology to the AT hooks present in high-mobility-group protein I/Y DNA binding domains and is required for the tethering of brm/SNF2␣ to chromatin.
The compaction of genomic DNA into chromatin fibers forms a potent obstacle to transcription and replication in eucaryotic cells. In recent years, the characterization of several large multisubunit protein complexes which are able to modify locally the structure of nucleosomes has shed light on how the cell may regulate the accessibility of chromatin-embedded promoters. These chromatin-remodelling complexes include the SWI-SNF complex (18, 35) , initially identified in yeast but also present in Drosophila and in mammals; the RSC complex (6) , identified in yeast; the NURF (51, 52) , CHRAC (54) , and ACF (21) complexes, characterized in Drosophila; and finally the NRD-NuRD complexes (49, 55, 61) , detected in Xenopus and mammals. While these complexes differ in subunit composition, they all harbor one subunit containing a helicase-like domain with DNA-dependent ATPase activity. In each complex, this protein (SWI2-SNF2 in the SWI-SNF complex; STH1 in RSC; ISWI in NURF, CHRAC, and ACF; and CHD family members in NRD-NuRD) is likely to be the subunit responsible for the actual nucleosome perturbation, powered by ATP hydrolysis (for reviews, see references 5, 22, 24, 34, 53, and 58) .
In the mammalian SWI-SNF complex, the ATPase activity is provided by either brm or BRG-1. These two highly homologous proteins (more than 80% identical) are also known as SNF2␣ and SNF2␤, respectively (8, 25, 33) . Unlike other related proteins, the homology of brm and BRG-1 to the yeast SWI2-SNF2 ATPase is not restricted to the helicase-like domain, suggesting that they may be the functional counterparts of the yeast protein in higher eucaryotes. The two proteins have been extensively characterized in the last few years, both individually and in the context of the mammalian SWI-SNF complex. The brm and BRG-1 proteins appear to be associated with the SWI-SNF complex in a mutually exclusive manner. Purification of the complex from tumor-derived cell lines failing to express the two proteins has further shown that a partial SWI-SNF complex can still assemble in their absence (57) . During interphase, the brm and BRG-1 proteins are tightly associated with chromatin and a subfraction is also bound to the nuclear matrix (39) . At the G 2 /M transition, the proteins are phosphorylated, leading first to decreased chromatin affinity and then to exclusion from the condensed mitotic chromosomes (30, 42) . Several functional assays to monitor brm and BRG-1 activity have been developed. In transient-transfection assays, the two proteins can function as coactivators for nuclear receptors (8, 33, 57) , and a ligand-dependent interaction between the estrogen receptor and the mammalian SNF2 proteins has also been reported (20) . The brm or BRG-1 protein may also cooperate with members of the retinoblastoma (Rb) family of tumor suppressors to control cell growth. The p105 Rb , p107, and p130 pocket proteins all are able to interact directly with brm or BRG-1 through an LXCXE sequence similar to the Rb binding motif present in several viral oncogenes, including papillomavirus E7, adenovirus E1a, and simian virus 40 large T antigen. In addition, the brm and BRG-1 proteins, when transiently transfected in SW13 cells, can cooperate with p105 Rb to induce the formation of flat, growtharrested cells (12, 43, 47) . Cotransfection studies also show a cooperation between brm and p105 Rb for the repression of E2F-activated transcription (50) . Consistent with these observations, the brm protein was found to accumulate in quiescent cells (27, 29) . In contrast, the level of this protein is downregulated upon serum stimulation or transformation by an activated ras oncogene. Reexpression of brm in ras-transformed cells leads to a partial reversion of the transformed phenotype (29) .
A mutation in the ATP binding site of the helicase-like domain of brm (ATPmut) strongly impairs the ability of the protein to revert the phenotype of ras-transformed fibroblasts, and it is clear that the helicase-like domain plays a central role in the activity of brm. However, other protein motifs have been identified in brm, including a bromodomain (16, 23) located in the C-terminal region. To determine if sequences outside the helicase-like domain were important for brm to affect cell growth, we examined the growth properties of ras-transformed NIH 3T3 cells expressing different mutant brm proteins. The mutations affected either the bromodomain, the LXCXE Rb binding sequence (referred to here as the E7 homology region), or a short C-terminal region characterized by a high lysine and arginine content (hereafter called the KR region). Surprisingly, this latter region appeared to be the most important for the activity of brm in our assay. Transfection experiments with a cell line carrying an integrated mouse mammary tumor virus (MMTV) chloramphenicol acetyltransferase (CAT) reporter construct further showed that in the context of chromatin, deletion of this region prevented cooperative transcriptional activation by brm and the glucocorticoid receptor (GR). Biochemical studies revealed that the KR region had DNA binding activity and that deletion of this region decreased the affinity of brm for chromatin.
RESULTS
The C-terminal region of brm is necessary for reversion of ras transformation in mouse fibroblasts. In a recent study, we showed that NIH 3T3 cells express easily detectable levels of both brm and BRG-1. On the other hand, NIH 3T3 cells transformed with an activated Ki-ras gene (DT cells) contain normal levels of BRG-1 but no detectable brm. Reintroduction of a cDNA encoding hbrm into DT cell leads to partial reversion of the transformed phenotype and prevents the cells from forming colonies in soft agar. A point mutation in the ATP binding site of hbrm (ATPmut) ( Fig. 1A , line 2) abolishes the effect of hbrm on DT cell growth (29) . To allow comparison, these results are included in Fig. 1D (compare the plating efficiencies of DT, DT21, A2, and A26). To investigate the role of regions other than the helicase-like domain, we transfected other mutant hbrm cDNAs into DT cells and isolated clones stably expressing the encoded proteins. Like WT hbrm, a protein deleted in the pRb binding LXCXE motif (⌬E7) ( Fig effect. Of the three tested cell lines expressing this construct (Fig. 1C , lanes 3 to 5), two had plating efficiencies in soft agar similar to that of the original DT cells (Fig. 1D, C15 and C27). The third cell line was still eightfold more efficient in this assay than was the cell line expressing WT hbrm ( Fig. 1D, C37 ). The expression level of the hbrm construct was higher in clones C15 and C27 than in clone C37. It was also moderately higher than in clones DT21 and A2, which express WT hbrm and ATPmut, respectively (Fig. 1C) . Interestingly, the plating efficiencies for clones C15 and C27 were higher than for clone C37, suggesting that expression of ⌬Cter may favor rather than inhibit colony formation (compare the expression levels and plating efficiencies of C27 and C37 in Fig. 1C and D ). An hbrm-derived construct with a deletion in the N-terminal part (aa 69 to 686 deleted) was also transfected into DT cells. However, we were unable to identify clones stably expressing this construct, suggesting that it may be toxic for normal cell proliferation.
A region rich in arginine and lysine residues is required for hbrm activity. The observations described above indicate that the C-terminal part of hbrm is critical for the activity of this protein. The region deleted in the ⌬Cter(1337) construct encompasses at least two sequences of potential interest: the bromodomain and a short sequence rich in arginines and lysines (the KR region), located between the LXCXE motif and the bromodomain. To determine if either of these two regions was responsible for the loss of activity observed upon deletion of the C-terminal region of hbrm, we established two sets of DT-derived clones, one expressing an hbrm protein with aa 1342 to 1400 deleted and missing the KR region and one expressing an hbrm protein with aa 1401 to 1463 deleted and lacking helices A and B of the canonical bromodomain (⌬KR and ⌬Bromo respectively, Fig. 2A and B ). These clones were assayed for growth in soft agar. The ⌬Bromo clones showed a plating efficiency twofold higher than the reference clone expressing WT hbrm (Fig. 2C, BR3 and BR4). The plating efficiencies of the ⌬KR clones were five-to eightfold higher than that of the reference clone but still did not reach the plating efficiency of the original DT cells ( Fig. 2C suggest that the function of the C-terminal region of hbrm should be attributed to more than one protein domain. They also define the KR region as a novel hbrm sequence necessary for reversion of the transformed phenotype induced by ras.
The KR region is required for transcriptional synergy between hbrm and GR in the context of chromatin. In transienttransfection assays, the hbrm protein can cooperate with the GR for transcriptional activation of the MMTV LTR or synthetic promoters containing GR-responsive elements. We therefore wished to investigate whether the KR region defined above was also necessary for this activity of hbrm. In an earlier study, we showed that a reporter construct cotransfected with hbrm and GR expression vectors is activated at least as efficiently by the ⌬Cter(1337) mutant as by WT hbrm in the presence of GR (33) . The KR region that is absent in the ⌬Cter(1337) mutant therefore appeared to be unnecessary for cooperation between hbrm and GR. Several studies have, however, shown a clear difference in the chromatin structure of the MMTV LTR reporter constructs when transiently transfected into cells and when stably integrated in the cellular genome (1, 26) . We hypothesized that the absent or poorly organized chromatin present on transfected templates rendered the KR region dispensable in the cooperation between hbrm and GR and that an effect of this region would be visible only on stably integrated nucleosomal templates. To test this hypothesis, we prepared a C33A-derived cell line containing an integrated MMTV LTR upstream of a CAT reporter gene. This cell line, which expresses no endogenous hbrm and low levels of BRG-1, was used for cotransfection assays with a GR expression vector and several constructs expressing hbrm mutants. The stimulation of GR activation by hbrm was significantly lower under these conditions than in transient transfections, essentially because all the cells contained the reporter construct and expressed CAT mRNA at a basal level whereas only 1 to 5% of the transfected cells expressed the reporter gene at activated levels. This situation resulted in a large increase in the background CAT activity in the assays and led us to repeat all the transfections at least four times to obtain reliable results. In the absence of hbrm, GR activated the integrated MMTV promoter about fivefold ( Fig. 3, line 2 ). This activation was further stimulated threefold in the presence of WT hbrm (line 3). As in the transient transfections, this stimulation of GR activity was almost completely abolished by a mutation in the (C) Growth in soft agar. Parental DT cells or DT cells expressing either WT hbrm, ⌬Bromo, or ⌬KR were plated in 60-mm dishes (10 2 or 10 3 cells per dish). The total number of visible colonies was scored after 15 days in culture and compared to the total number of cells initially seeded (plating efficiency, expressed as a percentage). The results shown here are averages and standard deviations from three independent experiments. ATP binding site of hbrm (ATPmut) (line 4). Interestingly, under these conditions, the ⌬Cter(1337) mutant also had low activity (line 5). On the other hand, an hbrm construct longer by 56 aa and containing the KR region regained its activity in this assay [⌬Cter(1393) mutant] (line 6). The ⌬Bromo mutant was also fully active under these conditions (data not shown). These experiments demonstrate that the KR region is required for transcriptional stimulation by the hbrm protein, but only in the context of chromatin.
The KR region can function as an NLS. Examination of the primary sequence of the KR region shows the presence of two clusters of basic residues spaced by 14 aa (Fig. 4 ). This motif is strongly reminiscent of a bipartite nuclear localization signal (NLS) as initially defined in nucleoplasmin ( Fig. 4B ) (see ref-erences 10 and 60 for reviews). In transient-transfection assays, the KR region (aa 1336 to 1569) was sufficient to target a ␤-galactosidase (␤-gal) fusion protein to the nucleus, further suggesting that the hbrm protein may rely on this region for its nuclear import. However, immunofluorescent staining of the DT-derived cell lines used in this study showed that all the hbrm mutants, including the ⌬Cter(1337) and the ⌬KR mutants, had a strictly nuclear localization. In addition, we found that another region rich in arginines and lysines, located between aa 541 and 564, was able to target a ␤-gal fusion protein to the nucleus. Finally, a ␤-gal protein fused to the conserved helicase domain (aa 740 to 1334) localized both in the cytoplasm and in the nucleus (data not shown). These observations strongly suggested that loss of activity of the ⌬KR mutant is not a consequence of improper cellular localization and that the hbrm protein contains several signals allowing its nuclear import.
The KR region harbors DNA binding activity. Further examination of the KR region as depicted in Fig. 4A (aa 1336 to 1384) revealed homology to the DNA binding domains found in proteins such as human High-Mobility-Group Protein I/Y (HMGI/Y) and HRX/ALL-1 or Drosophila D1 (3, 15, 44) . These domains, known as AT hooks, bind the minor grove of DNA with a preference for AT-rich sequences. The presence of an AT hook has been suggested previously for the yeast SWI2-SNF2 protein in a region corresponding to the hbrm KR sequence (19) . This prompted us to test whether the KR region could function as a DNA binding domain. To address this issue, we constructed a series of plasmids bearing DNA encoding aa 1189 to 1569 of hbrm fused to GST. The constructs contained a WT hbrm sequence or a sequence with deletion of either the E7 homology, KR, or Bromodomain region (GSThbrm WT, GST-⌬E7, GST-⌬KR, and GST-⌬Bromo, respectively) (Fig. 5A ). All the constructs were expressed in E. coli and used for electrophoretic mobility shift assays (EMSA). WT GST-hbrm bound efficiently to a 300-bp fragment of randomly chosen Drosophila genomic DNA. This binding was not affected by deletion of the E7 homology region but was completely abolished by deletion of the KR region. Deletion of the bromodomain did not affect the ability of the protein to bind DNA, but it modified its gel mobility. This change in mobility may reflect a modified tertiary structure of this mutant protein (Fig. 5B) . The GST-hbrm fusion protein also bound cruciform structures in EMSA, but with lower affinity than to the doublestranded DNA fragment (data not shown). The 300-nucleotide DNA fragment used for binding assays contained several stretches of four to five consecutive A ⅐ T base pairs, all located at one end of the fragment. When the 300-nucleotide DNA fragment was cleaved approximately in half by restriction digestion, the portion containing the stretches of A ⅐ T base pairs was bound as efficiently as the initial fragment. On the other hand, the other portion was bound with lower affinity (data not shown). These observations suggested that the binding of GSThbrm was dependent on the AϩT content rather than on the length of the DNA fragment. To further investigate this issue, we assayed the binding of WT GST-hbrm to 32-mer oligonucleotides containing either 0, 10, or 24 A ⅐ T base pairs. We observed a 10-fold increased binding to the 24AT oligonucleotide compared to the 0AT nucleotide (Fig. 5C, compare lanes  4 and 6) . In addition, binding to the 24AT oligonucleotide was competed by a 100-fold excess of poly(dA-dT) but was partially resistant to the same amount of poly(dG-dC) double-stranded DNA (lanes 9 and 15) . Furthermore, the binding to the 24AT oligonucleotide was inhibited in the presence of distamycin, suggesting that, like HMGI/Y, hbrm binds to the minor groove of DNA (lane 12). To confirm that the DNA binding of hbrm was mediated by the putative AT hook, we expressed a GSThbrm fusion with a double point mutation changing the conserved arginine-glycine-arginine (RGR) motif (defined in Fig.  4C ) into aspartic acid-glycine-aspartic acid (DGD). This mutant fusion protein was unable to bind any of the 32-mer oligonucleotides (Fig. 5D, lanes 6 to 8) .
Deletion of the KR region modifies the affinity of hbrm for chromatin fractions. As described above, the KR region of hbrm is able to bind DNA in vitro. To determine if this region is also able to mediate the association with chromatin in vivo, we used a previously described technique that divides the cellular components into four fractions (40) . In the first fractionation step, a detergent treatment (0.3% Nonidet P-40) lyses the cytoplasmic membrane but spares the nuclear envelope. The resulting fraction contains cytoplasmic proteins and RNA (Fig. 6A, lane 1) as well as nuclear proteins not attached to nuclear structures. The second fraction (fraction S1) is obtained after mild digestion of the nuclei by micrococcal nuclease. This releases DNA fragments corresponding to mononucleosomes (lane 2). The fraction contains easily accessible chromatin and factors attached thereto. The third fraction (S2) is obtained after further subjecting the nuclei to osmotic shock. This fraction contains larger DNA fragments corresponding to dinucleosomes, trinucleosomes, etc. (lane 3), as well as proteins attached to less accessible chromatin. The pellet remaining after this treatment contains DNA fragments of heterogeneous sizes that remain bound to the nuclear scaffold (insoluble chromatin, representing only a minor fraction of the total DNA). In earlier studies, we showed that hbrm is strongly attached to nuclear structures and cannot be extracted from interphasic cells by treatment with nonionic detergents (30, 39) . As expected, fractionation of DT cells stably expressing exogenous WT hbrm showed that this protein was essentially present in the S2 and insoluble fractions (Fig. 6D ). In these cells, the endogenous mBRG-1 was found in the same fractions as the reintroduced hbrm protein (Fig. 6B) . The distribution of the hbrm was somewhat modified by a mutation in the E7 homology and bromodomain regions, resulting mainly in a redistribution of some of the protein from the insoluble fraction to the S1 fraction ( Fig. 6H and L) . On the other hand, deletion of the KR region or the entire C-terminal region resulted in an obvious decrease in the affinity for nuclear structures and a large fraction of these mutant proteins were detected in the soluble fraction ( Fig. 6F and J, lanes 1). As mentioned above, deletion of the KR region or the C-terminal region did not affect the nuclear localization of the hbrm protein. To confirm the increased solubility of the ⌬Cter(1337) and ⌬KR proteins, we fractionated the cells by the standard method to obtain nuclear matrix (17) . Using this technique, we observed that WT hbrm was not extracted by the initial 0.5% Triton X-100 treatment in isotonic buffer (soluble fraction) but was essentially released after digestion with DNase I and extraction with 1 M ammonium sulfate (chromatin fraction) ( Fig.  6E) . Likewise, the ⌬Bromo protein resisted the detergent extraction (Fig. 6M) . In contrast, the ⌬Cter(1337) and ⌬KR proteins were partially released in the Triton X-100-soluble fraction, confirming a decreased affinity for nuclear structures of these hbrm-derived proteins ( Fig. 6G and K, lanes 1 ). By this method, deletion of the E7 homology region results in some detergent extractability of the mutant protein (Fig. 6I,  lane 1) . This observation suggests that in vivo, sequences contained in the E7 region may complement the KR region for correct chromatin association of hbrm.
DISCUSSION

Identification of a novel protein region required for the growth-suppressive activity of brm.
In an earlier study, we showed that expression of the brm protein is down-regulated in mouse fibroblasts upon transformation by activated ras. Reintroduction of a brm protein into these cells leads to partial FIG. 6. Deletion of the KR region of hbrm results in decreased affinity for nuclear structures. DT-derived cell lines expressing either WT hbrm, ⌬Cter(1337), ⌬E7, ⌬KR, or ⌬Bromo were fractionated by two different methods. In method 1 (A, B, D, F, H, J, and L), cells were lysed in a buffer containing 0.3% Nonidet P-40 and separated into supernatant (Sol fraction) and pellet. The pellet was treated with micrococcal nuclease and again centrifuged to separate supernatant (S1 fraction) and pellet. This pellet was further extracted with EDTA and centrifuged to yield supernatant (S2 fraction) and a pellet. This pellet was finally solubilized in 8 M urea (Pel fraction). One-tenth of each fraction was then extracted with phenol-chloroform and analyzed on a 1% agarose gel (A) or resolved directly by SDS-PAGE. For the latter, proteins were visualized by Western blotting with either anti-BRG-1 (B) or anti-hbrm (D, F, H, J, and L) antibodies. In method 2 (C, E, G, I, K, and M), nuclear matrix was prepared by the high-salt method as described in Materials and Methods. Cells were sequentially extracted with 0.5% Triton X-100 (Sol fraction), DNase I and 0.25 M (NH 4 ) 2 SO 4 (CHR fraction), and 2 M NaCl, and the remaining pellet was solubilized in 8 M urea (Pel fraction). As in method 1, 1/10 of each fraction was subjected to SDS-PAGE and immunoblotted with anti-BRG-1 (C) or anti-hbrm (E, G, I, K, and M) antibodies. EtBr, ethidium bromide. reversion of the ras-transformed phenotype. This reversion could easily be estimated by assaying the ability of the cells expressing exogenous brm to form colonies in soft agar. By this assay, we showed that the ATPase domain of brm was essential for the reversion (33) . In the present study, we have used the same assay to identify other regions of brm required for reversion of ras transformation. Surprisingly, deletion of the LXCXE motif, previously described as being required for interaction between brm and pocket proteins (Rb family members), had only a mild effect on reversion. It is possible, as previously suggested, that Rb simultaneously contacts other regions of the brm protein (50) . Alternatively, the mammalian SWI-SNF complex may control cell growth through several parallel pathways. For example, it has recently been shown that hbrm and BRG-1 can associate with cyclin E and that this cyclin can rescue BRG-1-induced growth arrest by a mechanism that does not rely on the Rb protein (41) .
Deletion of the entire C-terminal region of hbrm completely eliminates the growth-inhibiting effect on DT cells. The deleted region contains two potential sequences of interest: the bromodomain and a region rich in lysines and arginines (the KR region) located just upstream of the bromodomain. Sequences downstream of the bromodomain appear essentially unstructured when analyzed with a protein-structure prediction software (PredictProtein/EMBL). Deletion of the bromodomain had little effect on the ability of the hbrm protein to restrict DT cell growth. By contrast, DT clones expressing the ⌬KR protein grew significantly better in soft agar than did clones expressing either the WT or ⌬E7 hbrm constructs. These observations define the KR region as a new protein domain necessary for the antitransforming activity of hbrm. However, clones expressing this mutant do not reach the plating efficiency of clones expressing the ⌬Cter(1337) construct, and, unlike the ⌬Cter(1337) protein, expression of high levels of ⌬KR does not favor colony formation in soft agar. This strongly suggests that C-terminal sequences other than the KR region are also involved in the effect of hbrm on DT cell growth. Alternatively, the large C-terminal deletion could be deleterious for the overall tertiary structure of hbrm, and this truncation may affect the activity of other important protein domains by a mechanism in cis. Detailed mutagenesis studies will be required to address this issue.
The KR region contains an AT-hook-like DNA binding domain. Gel retardation assays with a C-terminal fragment of hbrm fused to GST showed that the KR region could function as a DNA binding domain. DNA binding activity has been ascribed previously to both the yeast and human SWI-SNF complexes, although the subunits responsible for this binding were not identified (37, 56) . The yeast complex was found to bind only some promoter fragments, suggesting at least a moderate sequence specificity. It also showed high affinity for synthetic four-way-junction DNA. These properties are very similar to the DNA binding properties of HMG proteins, which interact with the minor groove of the DNA with low sequence specificity. A member of the HMG family of proteins (BAF57) has been found associated with the mammalian SWI-SNF complex (56) . However, complexes containing a BAF57 protein mutated in the HMG domain are still able to bind DNA, suggesting a redundancy of HMG-like binding activities within the complex. Binding assays with GST-hbrm fusion proteins showed that the KR region has affinity for double-stranded DNA, with a preference for AT-rich sequences. The KR region is strongly basic and shows some homology to the DNA binding domains of the chromosomal protein HMGI/Y. This protein belongs to a family of HMG proteins that do not contain an HMG domain but contact DNA through sequences known as AT hooks. Interestingly, HMGI/Y is required for the assembly of higher-order transcription enhancer complexes, most probably by modifying the structure of the promoter DNA (4, 11, 13, 48) .
The KR region is a potential chromatin interaction domain. Our in vitro DNA binding data is highly suggestive of direct contact between the KR region of hbrm and chromatin. A role for this region in chromatin interaction is also suggested by our transfection experiments. We found that the KR region is dispensable for hbrm cooperation with the GR when the promoter construct is cotransfected with the hbrm and GR expression vectors (33) . On the other hand, the KR region is required when the promoter is integrated into the cellular genome. A transfected promoter construct is unlikely to present positioned nucleosomes, whereas an integrated promoter will be fully organized into chromatin. Our observation therefore implies that a chromatin-embedded MMTV promoter becomes less accessible for the activating protagonists in the absence of the KR DNA binding domain.
Using two similar but distinct methods, we showed that WT hbrm is retained in the chromatin fractions whereas the ⌬KR mutant is partially detergent extractable. This observation further suggests that the KR region is involved in the tethering of the hbrm protein to its target chromatin. In addition, the binding of the KR region to DNA or chromatin may be required for proper activation of the DNA-dependent ATPase activity of hbrm. Interestingly, the coupling of an ATPase domain to a DNA binding domain is reminiscent of the structure of another chromatin-bound mammalian SWI2-SNF2 homologue, known as CHD-1 (9, 45, 46, 59) . Like the KR region, the DNA binding domain of this protein contains a potential AT hook surrounded by basic amino acids. We speculate that the DNA binding activities may be involved in similar mechanisms in the two proteins.
A target specificity for brm and BRG-1? Our recent study on inactivation of the mouse brm (mbrm) gene by homologous recombination has shown that down-regulation of mbrm protein levels leads to accumulation of increased levels of mBRG-1. This new pool of mBRG-1 protein is able to associate with the complexes left vacant by the absent mbrm. The functional compensation of mbrm by mBRG-1 is reflected by the fairly mild phenotype of the mbrm Ϫ/Ϫ mice. Nonetheless, these mice are 10 to 15% heavier than their WT litermates and show obvious deregulations of the cell cycle checkpoints (38) . These observations demonstrate that mBRG-1 and mbrm exhibit distinct functional properties. The DNA binding domain identified in hbrm is most probably also present in BRG-1 (the DNA binding motif is fully conserved). The presence of these DNA binding activities raises the possibility that the two proteins are targeted to specific chromatin regions and that these regions are not identical for brm and BRG. Immunofluorescent staining with brm and BRG-1 antibodies show that the two proteins have a nuclear-diffuse distribution but are also concentrated in spots, giving a microspeckled staining pattern. Interestingly, the brm spots never overlap with the BRG-1 spots (33a). Furthermore, an important region of sequence divergence between the hbrm and the BRG-1 proteins is located just upstream of the KR region, and transcripts with alternative splicing in the E7 and KR regions have been identified for both hbrm and BRG-1 (8, 33a, 47) . If target specificity exists for hbrm and BRG-1, it might be determined by this region. The recent identification of a bona fide target gene for the mammalian SWI-SNF complex may allow us to address this issue (2) .
